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INTEGRATED DIGITAL SENSOR AND X-RAY 
TUBE USED WITH A PASS-THROUGH 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to the ?eld of digi 

tal radiography systems, and more particularly to a digital 
radiography station that can be shared among operatories, 
each having a dedicated computer, in Which image data is 
automatically routed to the appropriate dedicated computer 
depending on Which operatory is being served by the digital 
radiography station. 

2. Related Art 
X-ray radiation has long been employed in the ?elds of 

medicine and dentistry to capture images of the human 
anatomy. Physicians, dentists, and oral surgeons typically use 
these images to aid in the diagnosis and treatment of condi 
tions and disease, and in the case of dentists and oral surgeons 
in particular, images of a patient’s teeth, mouth, and gums are 
critical for such purposes. 

The most conventional x-ray imaging technique uses 
radiographic ?lm as the imaging receptor. According to such 
a technique, a cartridge containing a piece of photographic 
?lm is placed in the patient’s mouth, for example behind a 
patient’s teeth, and an x-ray beam is projected through the 
teeth and onto the ?lm. After the ?lm is exposed in this 
manner, it is developed in a dark room or a closed processor 
using special chemicals to obtain a photographic image of the 
tooth. 

Solid-state sensors Which convert x-rays into an electrical 
signal have increasingly begun to be used in place of photo 
graphic ?lm. Such electronic sensors may include a charge 
coupled device (CCD), an active pixel sensor (APS) array, or 
another type of ?lmless radiation sensor. 

Such digital dental radiography systems offer many advan 
tages over traditional ?lm-based radiography systems. For 
example, an x-ray sensor is typically more sensitive to x-rays 
than is ?lm, thereby alloWing the x-ray dosage to the patient 
to be signi?cantly loWered, sometimes by as much as 90% or 
more. Furthermore, images of the anatomy may be generated 
by a computer almost instantaneously, thus improving Work 
How and eliminating the entire ?lm development process, 
including the use of potentially harmful chemicals. More 
over, because the images are generated electronically, they 
can be easily stored in and accessed from a computer data 
base. 

In digital radiography, the signal from the electronic sensor 
can be transmitted to the computer or other output device via 
a long, ?exible cable. In other systems, a Wireless interface 
may be used in place of the cable, such that signals are 
transmitted from the electronic sensor to the computer or 
output device via a radio-frequency Waveform. Wireless com 
munications systems have made inroads into many disci 
plines and may be preferable in medical and dental digital 
imaging for a number of reasons. For example, extra Wires 
can be inconvenient for the patient and clinician. Also, in 
certain diagnostic procedures, the sensor Wires may be cum 
bersome and could limit placement of the sensor With respect 
to the x-ray tube and computer. In digital dental radiography 
in particular, such Wires can limit sensor placement in the 
mouth. Furthermore, mechanical failure of the Wire can occur 
due to strain. A Wire can also create a trip haZard. 

In digital x-ray imaging, the energy source (e.g., the x-ray 
generator) is typically con?gured to provide the radiation 
directly toWards the image detector, Which is often distant 
from the source and/or from computer processor compo 
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2 
nents. As discussed above, the image data is often conveyed 
from the detector using a cable, and in certain applications 
this cable can be inconvenient for the patient and the operator 
as it may present various electrical and mechanical con 
straints. A Wireless system, on the other hand, can provide a 
Wider range of degrees of freedom of the detector With respect 
to the source. 

More particularly, in digital dental x-ray imaging, an elec 
tronic sensor is placed in the patient’s mouth behind the teeth 
to be examined, and an x-ray beam is projected from an 
energy source toWards the electronic sensor and through the 
patient’s teeth. The x-rays impinge on the electronic sensor, 
Which converts the x-rays into an electrical signal. The elec 
trical signal can be transmitted over a Wire to a computer, as 

described above, and the computer then processes the signal 
to produce an image on an associated output device such as a 
monitor or printer. Alternatively, the electrical signal could be 
transmitted Wirelessly from the electronic sensor to a receiver 
Which in turn delivers the signal to the computer. 

Communication betWeen the sensor and computer can be 
effected in various Ways. One Way is through a commonly 
available and accessible digital port such as, but not limited 
to, the Universal Serial Bus (U SB). The USB is a serial 
channel of up to 480 megabits per second (Mpbs) that can be 
used for peripherals. The USB is a token-based bus; that is, 
the USB host controller broadcasts tokens on the bus and a 
device that detects a match on the address in the token 
responds by either accepting or sending data to the host. The 
host also manages USB bus poWer by supporting suspend/ 
resume operations. The USB is advantageous in that it does 
not require the use of specially designed hardWare inside the 
computer; once the appropriate software has been installed, a 
peripheral can be plugged into the USB port. In addition, one 
device can be unplugged and another plugged in Without 
changing the hardWare con?guration of the computer. 
A computer’s Peripheral Component Interconnect (PCI) 

bus and Industry Standard Architecture (ISA) bus also pro 
vide a data path betWeen the electronic sensor and the com 
puter’s Central Processing Unit (CPU). The PCI bus is an 
internal 32-bit local bus that runs at 33 MHZ and carries data 
at up to 133 megabytes per second (Mbps), While the ISA bus 
is an 8- or 16-bit internal bus that carries data at up to 8.33 
Mbps. Each of these buses may act as an interface betWeen the 
sensor and the computer. 
A ?lmless dental radiography system using a USB port, 

along With an exemplary intra-oral detector, is described in 
US. Pat. No. 6,134,298 to Schick et al., Which is hereby 
incorporated by reference. In Schick et al., the intra-oral 
detector outputs image data Which is received by a computer 
through its USB port. The system comprises an electronic 
sensor 1 With connector 1a, a remote board 2 containing the 
necessary processing circuitry, and a computer 4, the sensor 1 
being connected through the computer’s USB port. While 
Schick et al. is Well suited for its intended purposes, the 
interface may not be convenient for certain clinical environ 
ments, for reasons that Will become apparent. 

Dental operatories are often laid out adjacent to each other, 
and are often con?gured to share capital equipment in an 
effort to save cost, among other reasons. For instance, the 
dental x-ray tube is not typically in continuous use during a 
patient visit and, as discussed in US. Pat. No. 3,922,788 to 
Rota for example, it may be more cost-effective to share the 
device betWeen adjacent operatories by moving the device 
through an opening or pass-through betWeen the operatories. 
US. Pat. No. 4,332,557 to Watanabe, as another example, 
discusses mounting an x-ray unit such that it may be pivoted 
and serve adjacent operatories. 
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The personal computer has become an increasingly impor 
tant piece of capital equipment in a dental of?ce. It is called 
upon to serve a variety of tasks, including scheduling and 
billing as Well as patient education, and can form the basis for 
driving, analyZing, and sharing data from other capital equip 
ment such as digital imaging sensors. The diversity of these 
tasks often demands that a computer be placed Within each 
and every dental operatory. For instance, While a patient sits in 
the dental chair, the computer may be used by the practitioner 
to enter of?ce notes and clinical ?ndings, or as a teaching tool 
to explain treatment. It can be impractical to share a single 
computer among the operatories since a particular computer 
might be in use for a particular patientifor example, might 
have a patient ?le openiand sWitching betWeen patient ?les 
can be tedious. 

Therefore, While an x-ray tube and digital sensor may be 
shared among tWo operatories, it is not as likely that a com 
puter could e?iciently be used as a shared resource. As such, 
the installation of a digital imaging system may require a 
convenient means of conveying data from a single digital 
sensor to tWo separate computers. In a typical installation 
such as that disclosed in Schick et al, hoWever, the sensor 
Would need to be disconnected from one computer, hand 
carried to the other, and then reconnected to the second com 
puter. This process can not only be cumbersome, but can also 
place signi?cant strain upon the electronics interface and 
computer connectors, Which in turn can lead to product fail 
ures. 

Generally, digital dental imaging detectors operate sepa 
rate from and asynchronous to the x-ray detector source. 
Recently, hoWever, detector Wiring and circuitry have been 
integrated With an x-ray source. Such is the case With US. 
Patent Application Publication No. US 2005/0254625 A1 to 
Schick et al., Which is hereby incorporated by reference in its 
entirety, as if fully set forth herein. There are several advan 
tages to this approach. First, there are feWer components and 
Wires to interfere With the patient and clinician. Furthermore, 
if a Wireless dental sensor is utiliZed, the radiofrequency 
receiver can be integrated in close proximity to the patient and 
in a practical and convenient location, such as inside the x-ray 
collimator. Moreover, the x-ray trigger signal can be utiliZed 
to initiate sensor acquisition. 

While this solution is robust, a pass-through con?guration, 
in Which an x-ray tube is pivotable through a pass-through so 
as to alloW the device to intermittently serve multiple opera 
tories, still requires a mechanism for automatically conveying 
the image data from the processing circuitry to the appropri 
ate target computer. Conventional approaches to this problem 
are unsatisfactory. For example, one standard approach is to 
use a mechanical A/ B sWitch, in Which the practitioner moves 
the A/B sWitch into position based on Which computer is 
being used for Which operatory. HoWever, mechanical A/B 
sWitches are clumsy, aesthetically unpleasing, require manual 
operation by the practitioner as described, and can be dif?cult 
to install seamlessly Within a dental or doctor’s o?ice. 

Given the foregoing, What is needed is a system and 
method Which overcomes the above-mentioned problems and 
provides a digital x-ray system, shared in a pass-through 
con?guration, Which can automatically route image data 
from the shared digital x-ray system to the appropriate opera 
tory computer. 

SUMMARY OF THE INVENTION 

The present invention meets the above-identi?ed needs by 
providing, in at least one embodiment, a system, method, and 
apparatus for integrating a digital sensor and x-ray tube, 
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4 
shared in a pass-through con?guration With dedicated opera 
tory computers, Which can automatically route image data 
from the shared digital x-ray system to the appropriate opera 
tory computer depending on the position of the x-ray arm. 
Mechanical motion of the extension arm from one operatory 
to another, as the arm sWings from one side of the partition to 
another, actuates the direction of data conveyance. 
An advantage of the invention is that it can ensure that 

image data from the shared digital x-ray system is automati 
cally routed to the appropriate or target dedicated computer, 
thereby reducing or eliminating the need for a practitioner to 
control routing of the image data by Way of manual operation. 
Another advantage of the present invention is that it can 
provide a seamless, easy-to-use installation of a digital radio 
graphic system. The system includes an x-ray source and a 
digital sensor that can be easily shared in side-by-side or 
multiple operatories. 
The present invention in accordance With one embodiment 

provides a method of operating a digital x-ray system having 
a plurality of information processors, each information pro 
cessor associated With a corresponding one of a plurality of 
operatories. The method includes detecting at least one image 
in response to at least one energy source emitting energy, 
While the energy source is associated With an extension arm 
Which is positioned to serve a selected one of the operatories, 
and outputting an electrical image data signal representing 
the detected image. The method also includes detecting a 
position of the extension arm, and automatically routing the 
outputted electrical image data signal to the information pro 
cessor associated With the selected operatory based on the 
detected position. 
The method may further include transmitting a signal gen 

erated based on the detected position to an Ethernet controller 
Which performs the routing step. The method may further 
include transmitting a signal generated based on the detected 
position to a latching relay Which performs the routing step. 
The method may further include indicating the detected posi 
tion to an operator. The step of detecting a position of the 
extension arm may include using a Hall effect sWitch or a 
micro-sWitch. 
The present invention in accordance With another embodi 

ment provides a digital x-ray system having a plurality of 
information processors, each information processor associ 
ated With a corresponding one of a plurality of operatories. An 
electronic sensor is adapted to detect at least one image in 
response to at least one energy source emitting energy, While 
the energy source is associated With an extension arm Which 
is positioned to serve a selected one of the operatories, and is 
adapted to output an electrical image data signal representing 
the detected image. A detector is adapted to detect a position 
of the extension arm, and a controller is adapted to automati 
cally route the outputted electrical image data signal to the 
information processor associated With the selected operatory 
based on the detected position. 
The detector may comprise a Hall effect sWitch or a micro 

sWitch. The detector may comprise a photodetector Which 
detects light emitted from a user-perceptible interface based 
on a position of the extension arm, and the system may 
comprise an interference material Which blocks the emitted 
light from being detected by the photodetector When the 
extension arm is in one position and does not block the emit 
ted light from being detected by the photodetector When the 
extension arm is in another position. The interference mate 
rial may comprise one of plastic and metal. The user-percep 
tible interface may comprise a plurality of LEDs. 
The controller may be an Ethernet controller or a latching 

relay. The system may further comprise a user-perceptible 
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interface for indicating the detected position to an operator, 
and the user-perceptible interface may comprise a plurality of 
LEDs. The electronic sensor may be a Wireless sensor or a 

Wired sensor. 

The present invention in accordance With another embodi 
ment provides a method comprising the steps of detecting a 
position of an extension arm electronically, and forwarding 
an electrical image data signal to one of a plurality of infor 
mation processors based on the detected position. 

Further features and advantages of the present invention as 
Well as the structure and operation of various embodiments of 
the present invention are described in detail beloW With ref 
erence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention Will 
become more apparent from the detailed description set forth 
beloW When taken in conjunction With the draWings in Which 
like reference numbers indicate identical or functionally 
similar elements. 

FIG. 1 is a diagram shoWing an exemplary environment 
that is suitable for practicing the present invention. 

FIG. 2 is a close-up vieW of the pivot point of an extension 
arm of a digital x-ray system according to one embodiment of 
the present invention. 

FIG. 3 shoWs one embodiment of the invention, in Which 
orientation of the extension arm is detected using a Hall 
effect sWitch. 

FIG. 4 shoWs another embodiment of the invention, in 
Which orientation of the extension arm is detected using a 
micro-switch. 

FIG. 5 shoWs another embodiment of the invention, in 
Which orientation of the extension arm is detected using an 
electro-optic sensor. 

FIG. 6 shoWs another embodiment of the invention, in 
Which orientation of the extension arm is detected using an 
electro-optic sensor. 

FIG. 7 is a ?owchart shoWing a method, in accordance With 
one embodiment of the present invention, of automatically 
routing image data in a digital x-ray system to a target com 
puter. 

DETAILED DESCRIPTION 

The present invention in one exemplary embodiment pro 
vides a digital radiology system that canbe shared among tWo 
or more dental operatories, each operatory having a dedicated 
computer. An x-ray system according to an exemplary 
embodiment of the invention includes integrated support for 
digital intraoral sensors and a computer interface used to 
provide signals betWeen a sensor and an appropriate dedi 
cated computer running acquisition and image processing. 
The present invention according to an exemplary embodi 
ment alloWs sharing of an x-ray device among more than one 
operatory by automatically routing the computer interface 
signals to the appropriate operatory computer depending on 
the position of an x-ray generator arm. 

FIG. 1 is a diagram shoWing an exemplary environment in 
Which the present invention, in a preferred embodiment, can 
be implemented. In FIG. 1, an example of a physical setup of 
a system 100 is shoWn, in Which side-by-side operatories 102, 
104 are served by and conveniently share an x-ray source 106 
and a digital sensor 108, the x-ray source 106 being located at 
an end of an extension arm 110. The x-ray source 106 is 
housed in an x-ray tube enclosure 109, and the x-ray tube 
enclosure 109 and the extension arm 110 rotate betWeen the 
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6 
operatories 102, 104 to serve each operatory. For this purpose, 
the extension arm 110 is pivotally attached to and controlled 
by a timer or control box 111 of the x-ray system. As shoWn 
in FIG. 1 by the faded lines, the extension arm 110 can be 
pivoted from operatory 102 to operatory 104 (and vice versa). 
Each operatory 102, 104 has, for example, a chair 120, 122, 
respectively, and, of course, may have its oWn cabinetry and 
associated devices (lamps, sinks, etc.), although in other 
embodiments other types of operatory arrangements may be 
employed instead. 

Dedicated computers 112 and 114 correspond to operato 
ries 102 and 104, respectively, and, among other functions 
and uses, receive and process image data from the digital 
sensor 108. The computers 1112, 114 may be any information 
processor or conventional desktop, toWer, laptop, notebook 
computer, personal computer, handheld device, palm device, 
server platform or other information appliance platform that 
is equipped With an interface such as a USB port and a 
corresponding USB channel, or another suitable interface/ 
channel for communicating With sensor 108. In addition to 
the USB port, each computer 112, 114 is equipped With 
various knoWn softWare modules that support the USB chan 
nel, such as USB host controller softWare, and a knoWn USB 
hardWare interface. Preferably, each computer 112, 114 
stores and/ or otherWise operates in accordance With programs 
or routines for implementing the method of this invention to 
be described beloW in conjunction With FIG. 4. The programs 
and routines can be stored on a memory that is readable by the 
respective computers 112, 114. That memory also is referred 
to herein as a storage device (as described beloW). Each 
computer 112, 114 is either connected to or has built in one or 
more input devices, such as, for example, a keyboard and a 
mouse, and one or more output devices, such as a monitor and 
a printer. These devices alloW the user to control the operation 
of the system 100, and to vieW dental images that the system 
creates. Computers 112, 114 may also include or be con 
nected to some type of storage device (not shoWn), such as a 
hard drive, for permanent storage of the images in patient 
?les. Of course, the present invention is not limited for use 
only With the types of computers and input and output devices 
referred to herein, and, in other embodiments, other suitable 
types of information processors and user interfaces also may 
be employed. 
An electronic device (not shoWn in FIG. 1 and to be 

described in more detail later) is also provided for detecting 
the direction in Which the extension arm 110 is facing. Once 
this position is detected, image data can be automatically 
routed from the digital sensor 108 to the appropriate dedi 
cated computer 112, 114. LEDs 116, 118 for each side, 
respectively, enable an operator to visually con?rm, based on 
Which LEDs 116, 118 are lit, the position that is detected and 
the operatory computer that is receiving the image data. By 
alloWing the operator to con?rm the computer port that is 
active, the operator can troubleshoot the system 100. This 
provides feedback to the operator to enable unintended errors 
to be avoided. 

The x-ray source 106 may be of any standard type. In the 
dental ?eld, for example, an x-ray source used for intra-oral 
examinations is Well knoWn to those having ordinary skill in 
the art. Typically, the source emits 65-75 kVp of energy With 
a tube current of 4-10 mA. The duration of exposure varies 
depending upon patient siZe and the area being imaged. The 
x-ray tube enclosure 109 may house processing circuitry 
necessary to, among other things, effect x-ray signal integra 
tion by the electronic sensor 108 and read-out image data 
from the electronic sensor 108. The enclosure 109 may also 
include a Wireless receiver as is described and shoWn in US. 
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Patent Application Publication No. US 2005/0254625 A1 to 
Schick et al., Which Was incorporated by reference above (see, 
e.g., FIG. 1 of Schick et al.). FIG. 1 ofthe present application 
shows an example of a suitable placement for a Wireless 
receiver 113, Which in this example is located on the enclo 
sure 109; of course, there are other suitable locations as 
explained herein. 

In operation according to the embodiment of FIG. 1, the 
digital sensor 108 is placed behind the anatomy being exam 
ined, for example, a patient’s teeth. The x-ray source 106 
emits x-rays Which pass through the anatomy and impinge on 
the digital sensor 108, Which converts the x-rays either 
directly or indirectly to an array of charge or an electric signal 
representing a radiographic image. The digital sensor 108 
itself may utiliZe any of a number of detector technologies, 
such as CCD, CMOS-APS, TFT (Thin-?lm-transistor) 
arrays, etc., and may comprise any solid state device capable 
of converting electromagnetic radiation into electrical sig 
nals. 

The digital sensor 108 can communicate With the x-ray 
source 106 via either a Wired or a Wireless transmission pro 
tocol. A Wired sensor may interface through a connector 
located (for example) inside the chassis surrounding the x-ray 
tube, While a Wireless sensor may communicate With a Wire 
less receiver housed Within the x-ray collimator, x-ray tube 
enclosure, or any other suitable location, such as on an outside 
of the x-ray tube enclosure, as shoWn in US. Patent Applica 
tion Publication No. US 2005/0254625 A1, Which has been 
incorporated by reference herein. Of course, the invention is 
not limited to these examples, In any case, the electric signal 
derived by the digital sensor 108 is ultimately delivered to an 
appropriate one of the dedicated computers 112, 114 depend 
ing on the position of the extension arm, in accordance With 
the present invention, as Will be further described beloW. 

In one embodiment each computer 1 12, 1 14 communicates 
With the sensor 108 via a Wired/Wireless interface such as 
described above, cabling Within the extension arm 110, and 
electronics (all not shoWn) embedded Within the x-ray system 
100. Each computer 112, 114 can drive the sensor 108 and 
acquire data from a particular patient via the sensor 108, 
among other functions. Each computer 112, 114 performs 
image processing functions by processing the received sig 
nals to produce an image on an associated output device such 
as a monitor or printer. The computer can also perform other 
ancillary roles such as scheduling and billing, as Well as 
providing patient education. Of course, the computer may 
also drive other hardWare Within the dental operatory. 

The x-ray source 106 is mounted on the extension arm 110 
and rotated from one side to the other using a pass-through or 
other con?guration so that the x-ray source can be easily used 
for either operatory 102, 104 by a clinician on a patient. The 
present invention, according to at least one exemplary 
embodiment, alloWs sharing of an x-ray system 100 among 
each operatory 102, 104 by automatically routing the com 
puter interface signals to the appropriate computer 112, 114 
depending on the position of the extension arm 110, as further 
described beloW. FIG. 2 is a close-up vieW of the pivot point 
of the extension arm 110. The extension arm 110 is attached 
to a timer box post 214 Which rotates through the timer box 
111, thereby enabling the extension arm 110 to pivot With 
respect to the timer box 111. Of course, the invention is not 
limited to the example shoWn. 

FIG. 3 shoWs one exemplary embodiment of the invention, 
in Which orientation of the extension arm 110 (not shoWn in 
FIG. 3) is detected using a solid state device such as a Hall 
effect sWitch 301 in conjunction With a magnetic ?eld located 
at or near the pivot point. In this embodiment, the magnetic 
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8 
?eld is provided by a ferrite rod or magnet 310 Which is 
located on and rotates With the timer box post 314 With 
respect to the timer box 111. The timer box 111 includes 
cables 302, 304, latching relay driver 306, poWer supply 308, 
a standard timer board 312 for controlling the technique fac 
tors of the x-ray system (such as the amount of x-ray energy 
and the duration of exposure and the like), and the Hall-effect 
sWitch 301 located at or Within the timer box 111. 
The timer box 111 can include softWare control programs 

and operating routines stored in an associated memory or 
memories located Within the timer box 111, for example 
Within standard timer board 312 or at any other suitable 
location, for implementing the present invention. Various 
memories can also be located Within the timer box 111, for 
example Within the standard timer board 312 or at any other 
suitable location, for receiving and storing image data before 
the image data is transferred to the appropriate dedicated 
computer. 

In this Way, FIG. 3 shoWs an implementation for routing 
data from the x-ray source 106 to the appropriate operatory 
computer 1 12, 114 in accordance With one embodiment of the 
present invention. It is of course to be understood that various 
modi?cations can be made to the embodiment shoWn herein. 
For example, the magnet 310 and the Hall-effect sWitch 301 
can be placed at any suitable location and are not limited to 
only those locations shoWn in FIG. 3. 
An electrical signal representing the detected image data is 

sent from the digital sensor 108 that detected the image 
through a Wired interface or is transmitted from the digital 
sensor 108 to a Wireless interface. The Wired or Wireless 
interface then conveys the data through, for example, one or 
more cables running along the extension arm 110 (or through 
another Wireless interface) to, eg a memory (not shoWn) of, 
for example, a standard timer board 312 located in the timer 
box 111, after Which it is delivered to the appropriate dedi 
cated computer according to the detected position. Of course, 
the memory may be located in a place other than the standard 
timer board 312, for example elseWhere in the timer box 111; 
alternatively, the data may pass through the timer box 111 
Without being stored in a memory. In any event the timer box 
111 is connected to and controls the x-ray source 106 and the 
extension arm 110, and the operator uses the timer box 111 to 
perform such functions as setting the duration of exposure, 
setting other parameters, etc. 

In this embodiment, the magnet 310 rotates With the rota 
tion of the extension arm 110 and the timer box post 314, 
While the Hall-effect sWitch 301 remains stationary. As is Well 
knoWn in the art, a Hall-effect sWitch makes use of a phenom 
enon observed in thin strips of metal and in some semicon 
ductors: i.e., When a strip carrying electrical current longitu 
dinally is placed in a magnetic ?eld that is perpendicular to 
the strip’s plane, a voltage appears betWeen opposite edges of 
the strip that forces a current through an external circuit. 

In this embodiment, as the x-ray tube 106 moves from one 
operatory to another, being maneuvered by an operator, for 
example, thus rotating the extension arm 110 on a pivot, the 
magnetic ?eld provided by the magnet 3 1 0 changes relative to 
the Hall-effect sWitch 301, and the position of the extension 
arm 110 is thereby detected by the Hall-effect sWitch 301. 
Speci?cally, When the rotation of the extension arm 110 is 
such that the magnetic ?eld provided by the magnet 310 
becomes perpendicular to the Hall-effect sWitch 301, a volt 
age appears across the Hall-effect sWitch 301. If there is a 
voltage across the Hall-effect sWitch 301, it means that one 
predetermined position is detected, and if there is no voltage 
across the Hall-effect sWitch 301, it means that another pre 
determined position is detected. 
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In more detail the Hall-effect switch 301 sends a signal, for 
example, a high or loW signal, based on the voltage and in 
effect indicating the detected position of the extension arm 
110, to a latching relay 306. The system can be set up, for 
example, such that When a high signal is received from the 
Hall-effect sWitch 301, the image data is conveyed by the 
latching relay 306 to one computer, and When a loW signal is 
received from the Hall-effect sWitch 301, the image data is 
conveyed by the latching relay 306 to another computer. In 
this Way, the latching relay 306 actuates image data transfer, 
for example from a memory located in the timer box 111, to 
the appropriate dedicated computer. This data transfer can 
occur through a Wired interface or through a Wireless inter 
face. 
A latching relay is an electromechanical relay that locks 

into Whichever mode it is energiZed for. In this exemplary 
embodiment, the latching relay 306, based on the signal from 
the Hall-effect sWitch 301, acts as a controller When actuated 
in that it effects the How of data transfer from the timer box 
111 to either a ?rst or a second USB interface (or other 
suitable) module in computer 112 or 114, respectively, 
depending on the detected position indicated by the signal. 
The data transfer can be via a corresponding CAT5 cable 302, 
304 or via another suitable type of interface, Whether Wired or 
Wireless; While CAT5 cables With eight conductors are uti 
liZed in this embodiment, the invention is of course not lim 
ited thereto. 

The local poWer supply 308 draWs current from the timer 
box 111 Which is then provided to the latching relay driver 
306 through multiplexing electronics (not shoWn). The latch 
ing relay 306 is preferred for use in this invention as it only 
requires minimal poWer for operation, is bidirectional, 
sWitches the variety of voltages present on the CAT5 cable 
Without additional level shifting, and is immune to damage 
from electrostatic discharge. 
Of course, the invention is not limited to using a latching 

relay 306. Other technologies, sWitches, and/ or interfaces can 
be used instead to actuate data transfer to the appropriate 
dedicated computer. For example, the Hall-effect sWitch 301 
can deliver the signal indicating the detected position to an 
Ethernet controller, Which effects the How of data transfer to 
an Ethernet or Internet Protocol (IP) address of the appropri 
ate computer. Technologies such as Bluetooth or A021 1 net 
Works also can be used. 
A Hall-effect sWitch that can be used With the present 

invention is, for example, model OHB900, manufactured by 
TT Electronics OPTEK Technology. Of course, any suitable 
Hall-effect sWitch can be used. 

FIG. 4 shoWs another embodiment of the invention, in 
Which orientation of the extension arm 110 (not shoWn in 
FIG. 4) is detected using a micro-sWitch 401 located on or 
mounted to or in the timer box 111, or at any other suitable 
location. FIG. 4, then, illustrates an implementation of rout 
ing data from the x-ray source 106 to the appropriate opera 
tory computer 112, 114 in accordance With another embodi 
ment of the present invention. It is noted that this embodiment 
can operate in conjunction With components similar to the 
cables 302, 304, latching relay driver 306, poWer supply 308, 
and standard timer board 312 shoWn in FIG. 3, although such 
components are not shoWn in FIG. 4 for simplicity sake. For 
example, the micro-sWitch 401 can be connected to the latch 
ing relay 306, With the other connections similar to those 
shoWn in FIG. 3. 
An electrical signal representing image data detected by 

sensor 108 is sent from the digital sensor 108 through a Wired 
interface or is transmitted from the digital sensor 108 through 
a Wireless interface. The Wired or Wireless interface then 
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10 
conveys the data through one or more cables running, for 
example, along the extension arm 110 (or through another 
Wireless interface) to a circuit board located in the timer box 
111. The timer box 111 is connected to and controls the x-ray 
source 106 and the extension arm 110, and the operator uses 
the timer box 111 to perform such functions as setting the 
duration and strength of exposure, setting other parameters, 
etc. The timer box post 402 rotates through, and relative to, 
the timer box 111. 

Micro-sWitches are electric sWitches Which are activated 
by the physical motion of mechanical devices. In this embodi 
ment, the micro-sWitch 401 is activated by the physical 
motion of the sWitch actuator 404 located on the timer box 
post 402. The micro-sWitch 401 offers a Zero impedance 
When it is closed (i.e. by contact of the sWitch actuator 404), 
and an in?nite impedance When it is open (i.e. no contact With 
the sWitch actuator 404). In operation, the x-ray source 106 
moves from one operatory to another, being maneuvered by 
an operator for example, thus rotating the extension arm 110 
on a pivot, and thereby rotating the timer box post 402 and 
therefore the sWitch actuator 404 located thereon. When the 
timer box post 402 rotates far enough in one direction in one 
operatory, the sWitch actuator Will make contact With the 
micro-sWitch 401. Thus, the sWitch actuator 404 is in contact 
With the micro-sWitch 401 When the extension arm 110 is 
moved into one position, and is not in contact With the micro 
sWitch 401 When the extension arm 110 is moved into another 
position (another operatory). In this Way, the micro-sWitch 
401 offers either a Zero impedance (closed) or an in?nite 
impedance (open) depending upon the position of the exten 
sion arm 111 (i.e. depending on Which operatory the arm 110 
is placed in). When the rotation of the extension arm 110 is 
such that the micro-sWitch 401 offers a Zero impedance, it 
means that one position of the extension arm 110 is detected, 
and When the rotation is such that the micro-sWitch 401 offers 
an in?nite impedance, it means that another position is 
detected. 

In more detail, the micro-sWitch 401 sends a signal, for 
example a high or loW signal, based on the impedance and in 
effect indicating the detected position of the extension arm 
110, to a latching relay (eg 306). The system can be set up, 
for example, such that When a signal is received from the 
micro-sWitch 401 indicating a Zero impedance, the image 
data is conveyed by the latching relay (eg 306) to one com 
puter, and When a signal is received from the micro-sWitch 
401 indicating an in?nite impedance, the image data is con 
veyed by the latching relay (e. g. 306) to another computer. In 
this Way, the latching relay (eg 306) actuates data transfer to 
the appropriate dedicated computer. That is, the latching relay 
(eg 306), based on the signal from the micro-sWitch 401, 
effects the How of image data transfer from the timer box 111 
to either a ?rst or a second USB interface (or other suitable) 
module in computer 112 or 114, depending on the detected 
position, as in the case of FIG. 3. 
The image data transfer can be via a corresponding CAT5 

cable or via another suitable type of interface, Whether Wired 
or Wireless. While CAT5 cables With eight conductors are 
utiliZed in this embodiment, the invention is of course not 
limited thereto. The local poWer supply draWs current from 
the timer box 111 Which is then provided to the latching relay 
driver through multiplexing electronics (not shoWn). 
Of course, this embodiment is not limited to using a latch 

ing relay driver. Other technologies and interfaces can be used 
instead to actuate data transfer to the appropriate dedicated 
computer. For example, the micro-sWitch 401 can deliver the 
signal indicating the detected position to an Ethernet control 
ler, Which effects the How of data transfer to an Ethernet or 
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Internet Protocol (IP) address of the appropriate computer. 
Technologies such as Bluetooth or A021 1 netWorks can also 
be used. 
A micro-effect sWitch 401 that can be used With the present 

invention is, for example, model E6l-l0k manufactured by 
Cherry. Of course, any other suitable micro-effect sWitch can 
be used instead. 

The sWitch actuator 404 can be, for example, a piece of 
metal or any other suitable material, and can be of any suitable 
shape. As described herein, the sWitch actuator 404 rotating 
on the timer box post 412 makes contact With the micro 
sWitch 401 to close the micro-sWitch 401 While the extension 
arm 110 is facing one operatory; When the extension arm 110 
is facing another operatory, the micro-sWitch 401 is open. 

FIG. 5 shoWs another exemplary embodiment of the inven 
tion, in Which orientation of the extension arm is detected 
using an electro-optic sensor. It is noted that this embodiment 
can operate in conjunction With components similar to the 
cables 302, 304, latching relay driver 306, poWer supply 308, 
and standard timer board 312 shoWn in FIG. 3, although such 
components are not shoWn in FIG. 5 for simplicity sake. For 
example, the photodetector 506 can be connected to the latch 
ing relay 306, With the other connections similar to those 
shoWn in FIG. 3. 

In FIG. 5, the timer box post 508 rotates through, and 
relative to, the timer box 111, thereby enabling the extension 
arm 110 attached thereto (not shoWn in FIG. 5) to pivot With 
respect to the timer box 111. An LED 502 is mounted at the 
timer box 111, and does not rotate. An interference material 
504 is mounted on (or otherWise coupled to), and rotates With, 
timer box post 508; the interference material 504 is preferably 
mounted beloW the LED 502. A photodetector 506 is 
mounted at the timer box 111, but beloW the plane of the 
interference material 504, and does not rotate. The interfer 
ence material 504 can be any suitable material that blocks 
light, for example plastic or metal, and can be of any suitable 
shape. It is of course to be understood that the interference 
material 504 is not limited to these examples. It is also to be 
understood that modi?cations may be made to the positioning 
of the LED 502, interference material 504, and photodetector 
506; for example, the positions of the LED 502 and the 
photodetector 506 could be altered or sWapped. 

In the embodiment of FIG. 5, the LED 502 emits light 
Which is registered by the photodetector 506 When the light is 
not being blocked by the interference material 504. Because 
the interference material 504 moves With rotation of the timer 
box post 508, Which rotates as the extension arm 110 (not 
shoWn in FIG. 5) pivots, the interference material 504 Will 
either block or not block the light depending on the position of 
the extension arm 110. In this Way, the LED 502 emits light 
Which is registered by the photodetector 506 When the exten 
sion arm 110 is in one operatory, and the light is not registered 
by the photodetector 506 When the extension arm 110 is in 
another operatory. The photodetector 506 sends a signal, for 
example a binary or other signal, depending on Whether the 
light from the LED 502 is being registered, to a latching relay 
(e. g. 306) Which actuates data transfer to the appropriate 
dedicated computer depending on Which operatory is indi 
cated by the signal as being served by the extension arm 110. 
The system can be set up, for example, such that When a signal 
(eg a high signal) is received from the photodetector 506 
indicating that the light from the LED 502 is being registered, 
image data is conveyed by the latching relay 306 to one 
computer, and When a signal (eg a loW signal) is received 
from the photodetector 506 indicating that the light from the 
LED 502 is not being registered, image data is conveyed by 
the latching relay 306 to another computer. 
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In this Way, the latching relay 306, based on the signal from 

the photodetector 506, can effect the How of data transfer 
from the timer box 111 to either a ?rst or a second USB 
interface (or other suitable) module in computer 112 or 114 as 
described above. The data transfer can be via a corresponding 
CAT5 cable or via another suitable type of interface, Whether 
Wired or Wireless. 

Thus, FIG. 5 shoWs an implementation of routing data from 
the x-ray source 106 to the appropriate operatory computer 
112 or 114 in accordance With a preferred embodiment of the 
invention. The photodetector 506 may be, for example, a 
slotted optical sWitch, in particular OPB370 manufactured by 
TT electronics OPTEK Technology, or any other suitable type 
of photodetector. 
Of course, this embodiment is not limited to using a latch 

ing relay driver. Other technologies and interfaces can be used 
instead to actuate data transfer to the appropriate dedicated 
computer. For example, the photodetector 506 can deliver the 
signal indicating the detected position to an Ethernet control 
ler, Which effects the How of data transfer to an Ethernet or 
Internet Protocol (IP) address of the appropriate computer. 
Technologies such as Bluetooth or A02.ll netWorks also can 
be used. 

FIG. 6 shoWs another exemplary embodiment of the inven 
tion, in Which orientation of the extension arm is detected 
using an electro-optic sensor. It is noted that this embodiment 
can operate in conjunction With components similar to the 
cables 302, 304, latching relay driver 306, poWer supply 308, 
and standard timer board 312 shoWn in FIG. 3, although such 
components are not shoWn in FIG. 6 for simplicity sake. 

In FIG. 6, an LED 602 is housed on (or otherWise coupled 
to), and rotates With, the timer box post 608. An interference 
material 604 is mounted to the timer box 111 and does not 
rotate. A photodetector 606 is preferably located on the timer 
box post 608, beloW the plane of the interference material 
604, and rotates With the timer box post 608. The interference 
material 604 can be any suitable material that blocks light, for 
example plastic or metal, and can be of any suitable shape. It 
is of course to be understood that the interference material 
604 is not limited to these examples. It is also to be understood 
that modi?cations may be made to the positioning of the LED 
602, interference material 604, and photodetector 606; for 
example, the positions of the LED 602 and the photodetector 
606 could be altered or sWapped. 

In the embodiment of FIG. 6, the LED 602 emits light 
Which is registered by the photodetector 606 When the light is 
not being blocked by the interference material 604. Because 
the LED 602 and photodetector 606 move With rotation of the 
timer box post 608, Which rotates as the extension arm 110 
(not shoWn in FIG. 6) pivots, the interference material 604 
Will either block or not block the light depending on the 
position of the extension arm 110. In this Way, the LED 602 
emits light Which is registered by the photodetector 606 When 
the extension arm 110 is in one operatory, and the light is not 
registered by the photodetector 606 When the extension arm 
110 is in another operatory. The photodetector 606 sends a 
signal, for example a binary or other signal, depending on 
Whether the light from the LED 602 is being registered, to a 
latching relay (eg 306) Which actuates data transfer to the 
appropriate dedicated computer depending on Which opera 
tory is indicated by the signal as being served by the extension 
arm 110. The system can be set up, for example, such that 
When a signal (eg a high signal) is received from the photo 
detector 606 indicating that the light from the LED 602 is 
being registered, image data is conveyed by the latching relay 
306 to one computer, and When a signal (eg a loW signal) is 
received from the photodetector 606 indicating that the light 
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from the LED 602 is not being registered, image data is 
conveyed by the latching relay 306 to another computer. 

In this Way, the latching relay 306, based on the signal from 
the photodetector 606, can effect the How of data transfer 
from the timer box 111 to either a ?rst or a second USB 
interface (or other suitable) module in computer 112 or 114 
depending on the detected position, as described above. The 
data transfer can be via a corresponding CAT5 cable or via 
another suitable type of interface, Whether Wired or Wireless. 

Thus, FIG. 6 shoWs an implementation of routing data from 
the x-ray source 106 to the appropriate operatory computer 
112 or 114 in accordance With another embodiment of the 
present invention. The photodetector 606 may be, for 
example, a slotted optical sWitch, in particular OPB370 
manufactured by TT electronics OPTEK Technology, or any 
other suitable type of photodetector. 
Of course, this embodiment is not limited to using a latch 

ing relay driver. Other technologies and interfaces could be 
used to actuate data transfer to the appropriate dedicated 
computer. For example, the photodetector 606 can deliver the 
signal indicating the detected position to an Ethernet control 
ler, Which effects the How of data transfer to an Ethernet or 
Internet Protocol (IP) address of the appropriate computer. 
Technologies such as Bluetooth or A02.11 netWorks can be 
used. 

FIG. 7 is a ?owchart shoWing a method, in accordance With 
one embodiment of the present invention, of automatically 
routing image data in a digital x-ray system (for example, 100 
in FIG. 1) to a target computer of a plurality of dedicated 
computers 112, 114, each computer associated With a corre 
sponding operatory 102, 104. The computers 112, 114 each 
perform a number of functions, including receiving and pro 
cessing image data from a digital sensor, Which may be Wired 
or Wireless. 

In Step S700, x-rays are emitted from an x-ray source 106 
disposed on an extension arm 110 Which is capable of being 
pivoted or moved to alloW the x-ray source 106 to be posi 
tioned to service a selected operatory 102, 104. The x-ray 
source 106 has an output that is directed toWards an electronic 
sensor 108 Which, in the dental scenario, is located in a 
patient’s mouth behind the anatomy to be examined or else 
Where, depending on the applicable application of interest. In 
Step S702, the emitted x-rays are received by the electronic 
sensor 108 Which converts the received x-rays to an electrical 
image data signal using any of a number of detector technolo 
gies, including CCD, CMOS-APS, and TFT, or another tech 
nology, depending on applicable system design criteria. 

In Step S704 the electrical image data signal is outputted 
through a Wired interface or toWards a Wireless interface 
(such as that shoWn in, for example, US. Patent Application 
Publication No. US 2005/0254625 A1, previously incorpo 
rated by reference herein). A Wired interface operates to pro 
cess the signal from a Wired sensor 108, and also can perform 
such functions as driving the sensor 108, conditioning and 
formatting the signal into a more convenient format, and 
reading-out the signal. A Wireless interface operates to pro 
cess the signal from a Wireless sensor 108, performing such 
functions including signal demodulation, for example. In 
either case, the processed image data signal is delivered from 
the interface to, for example, a memory (not shoWn) located in 
the control or timer box 111 through a suitable Wired and/or 
Wireless interface. 

In Step S706, a position of the extension arm 110 is 
detected by using a method and device such as set forth herein 
(see description of FIGS. 3-6 above), or using another suit 
able technique. For example, a Hall effect sWitch 301, a 
micro-sWitch 401, a photodetector 506, 606, or another suit 

20 

25 

30 

35 

40 

45 

50 

55 

65 

14 
able type of detection device detects the position of the exten 
sion arm 110 in the above-described manner and outputs a 
control signal based on the detected position. In Step S708, 
the electrical image data signal obtained from the interface as 
described in Step S704 and (for example) stored in a memory 
(not shoWn) located in the timer box 111 is automatically 
routed from that memory to the target computer 112, 114 
based on the control signal. Of course, the data may be routed 
Without being stored in a memory. In any event, if Step S706 
results in a determination that the arm 110 is positioned so as 
to service or otherWise be associated With operatory 102, then 
in Step S708 the control signal is indicative thereof and 
causes the electrical image data signal to be forWarded to 
computer 112. On the other hand, if Step S706 results in a 
determination that the arm 110 is positioned so as to service or 
otherWise be associated With operatory 104, then in Step S708 
the control signal is indicative thereof and causes the electri 
cal image data signal to be forWarded to computer 114. The 
target computer 112, 114 receives and processes the electrical 
image data signal, among other functions, and sends the cre 
ated images to an output device such as a display for vieWing, 
or a printer for printing. 
The present invention is not limited to the above-described 

operatory con?gurations. As contemplated by the present 
invention, there may be tWo or more operatories. The opera 
tories may be adjoining or adjacent to each other, or may be 
arranged in a circular or other Working con?guration in Which 
one x-ray device is shared among all of the operatories. The 
x-ray device may be shared in a pass-through con?guration, 
that is, a con?guration in Which each operatory is separated 
by a partition Wall and the x-ray source is passed through an 
opening in the partition (or passed above the partition), or in 
another suitable type of con?guration. The present invention 
is also not limited to being used in digital radiography sys 
tems, and of course can be used in any suitable application. 
The present invention or any par‘t(s) or function(s) thereof 

may be implemented using hardWare, softWare or a combi 
nation thereof and may be implemented in one or more com 
puter systems or other processing systems. It is noted that the 
various components of the present invention may be con 
trolled by one or more modules coupled to the various com 
ponents. The modules can operate in accordance With soft 
Ware control programs and operating routines stored in an 
associated memory or memories. The modules and their sub 
modules can Write and/or read information to/ from the 
memory or memories. 

In this Way, modules can perform operations in accordance 
With the system, method, and apparatus of the present inven 
tion. The modules may be implemented using hardcoded 
computational modules or other types of circuitry, or a com 
bination of softWare and circuitry modules. SoftWare routines 
for performing the modules can, in one embodiment, be 
stored as instructions in a memory and can be executed by a 
processor of a control module. 

In an embodiment Where the invention is implemented 
using softWare, the softWare may be stored in a computer 
program product, a computer program medium, or a com 
puter usable medium, and loaded into a computer system 
using a removable storage drive, a hard drive, or a communi 
cations interface. The control logic (software), When 
executed by a processor, causes the processor to perform the 
functions of the invention as described herein. 

In this document, the terms “computer program medium” 
and “computer usable medium” are used to refer generally to 
media such as a removable storage drive, a hard disk installed 
in a hard disk drive, and signals. These computer program 
products provide softWare to the system. 
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While various embodiments of the present invention have 
been described above, it should be understood that they have 
been presented by Way of example, and not limitation. It Will 
be apparent to persons skilled in the relevant art(s) that vari 
ous changes in form and detail can be made therein Without 
departing from the spirit and scope of the present invention. 
Thus, the present invention should not be limited by any of the 
above described exemplary embodiments, but should be 
de?ned only in accordance With the following claims and 
their equivalents. 
What is claimed is: 
1. A method of operating a digital x-ray system having a 

plurality of information processors, each information proces 
sor associated With a corresponding one of a plurality of 
operatories, comprising the steps of: 

detecting at least one image in response to at least one 
energy source emitting energy, While the energy source 
is associated With an extension arm Which is positioned 
to serve a selected one of the operatories, and outputting 
an electrical image data signal representing the detected 
image; 

detecting a position of the extension arm; and 
automatically routing the outputted electrical image data 

signal to the information processor associated With the 
selected operatory based on the detected position. 

2. The method as set forth in claim 1, further comprising 
the step of transmitting a signal generated based on the 
detected position to an Ethernet controller Which performs 
the routing step. 

3. The method as set forth in claim 1, further comprising 
the step of transmitting a signal generated based on the 
detected position to a latching relay Which performs the rout 
ing step. 

4. The method as set forth in claim 1, further comprising 
the step of indicating the detected position to an operator. 

5. The method as set forth in claim 1, Wherein the step of 
detecting a position of the extension arm includes using a Hall 
effect sWitch. 

6. The method as set forth in claim 1, Wherein the step of 
detecting a position of the extension arm includes using a 
micro-sWitch. 

7. A digital x-ray system having a plurality of information 
processors, each information processor associated With a cor 
responding one of a plurality of operatories, comprising: 

an electronic sensor adapted to detect at least one image in 
response to at least one energy source emitting energy, 
While the energy source is associated With an extension 
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arm Which is positioned to serve a selected one of the 
operatories, and adapted to output an electrical image 
data signal representing the detected image; 

a detector adapted to detect a position of the extension arm; 
and 

a controller adapted to automatically route the outputted 
electrical image data signal to the information processor 
associated With the selected operatory based on the 
detected position. 

8. The system as set forth in claim 7, Wherein the detector 
comprises a Hall effect sWitch. 

9. The system as set forth in claim 7, Wherein the detector 
comprises a micro-sWitch. 

10. The system as set forth in claim 7, Wherein the detector 
comprises a photodetector Which detects light emitted from a 
user-perceptible interface based on a position of the extension 
arm. 

11. The system as set forth in claim 10, Wherein the user 
perceptible interface comprises a plurality of LEDs. 

12. The system as set forth in claim 10, further comprising 
an interference material Which blocks the emitted light from 
being detected by the photodetector When the extension arm 
is in one position, and does not block the emitted light from 
being detected by the photodetector When the extension arm 
is in another position. 

13. The system as set forth in claim 12, Wherein the inter 
ference material comprises one of plastic and metal. 

14. The system as set forth in claim 7, Wherein the control 
ler is an Ethernet controller. 

15. The system as set forth in claim 7, Wherein the control 
ler is a latching relay. 

16. The system as set forth in claim 7, further comprising a 
user-perceptible interface for indicating the detected position 
to anoperator. 

17. The system as set forth in claim 16, Wherein the user 
perceptible interface comprises a plurality of LEDs. 

18. The system as set forth in claim 7, Wherein the elec 
tronic sensor is a Wireless sensor. 

19. The system as set forth in claim 7, Wherein the elec 
tronic sensor is a Wired sensor. 

20. A method comprising the steps of: 
detecting a position of an extension arm electronically; and 
communicating an electrical image data signal With one of 

a plurality of information processors based on the 
detected position, each of said information processors 
being capable of processing image data. 

* * * * * 


